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(57) Abstract: An arrangement for protecting an element from electro -static discharge. A switch is provided to inhibit the flow 
of energy through the element in response to the control signal. In the illustrative embodiment, the switch is a transistor switch. 
A resistor is disposed between an input terminal of the transistor and the positive supply to keep the transistor on during normal 
operation. A capacitor is disposed between the input terminal of the transistor and ground to prevent the input voltage of the transistor 
from fast changing. The RC time constant is chosen to be much larger than the time constant of the ESD pulse. Consequently, input 
voltage of the transistor will remain unchanged near 0V and the transistor will remain off during ESD event preventing the element 
from conducting the discharge current and providing ESD protection. 



BNSDOCID: <WO_ 



_0229950A2_I_> 



1 



BACKGROUND OF THE INVENTION 



s 

c 

a WO 02/29950 PCT/US01/42574 

n 
n 

e 

d ELECTRO-STATIC DISCHARGE PROTECTION CIRCUIT 

1 
/ 

2 
6 

% 

0 
6 

Field of the Invention: 



The present invention relates to electrical and electronic circuits and systems. 
10 More specifically, the present invention relates to systems and methods for protecting 
electrical and electronic circuits and systems from electro-static discharge. 

Description of the Related Art: 

15 Many electronic circuits and systems are susceptible to being damaged by 

electro-static discharges. An electro-static discharge is a charge transfer from a charged 
body, often a human, to ground or a terminal of opposite polarity. Electro-static 
discharges can generate energy with tens of thousands of volts. When voltages at this 
level are applied to unprotected and relatively delicate integrated circuits, damage often 

20 results. Not only can the operation of the device be momentarily impaired (with the 
consequent impairment of the operation of the host system and the data output thereby), 
but, it may also lead to permanent damage. In some cases, the damage to the circuits 
may be difficult to detect. In any event, it is therefore common in the art to provide 
some means and methodology for protecting components, circuits, and systems from 

25 electrostatic discharge. 

One currently used technique for providing protection against electro-static 
discharge (ESD) is based on the use of a protection circuit consisting of two diodes 
connected between the device input, supply and ground to shunt positive and negative 
discharge voltages to supply and/or ground. Unfortunately, the conventional diode 

30 based ESD circuit has been found to be less than fully effective in that during an ESD 
event, until the diodes turn on, some current flows through the protected device or 
circuit instead of being shunted away by the diodes. If the device is not properly sized 
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with respect to current handling ability, it may be permanently damaged by the event as 
discussed above. 

Another approach has involved the use of a resistor in front of the device being 
protected. However, for circuits operating at radio frequencies (RF), resistors used for 
5 ESD protection adversely impact performance. 

Hence, a need remains in the art for an improved electro-static discharge 
protection system or method, particularly for use with RF device, circuits and systems. 
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10 SUMMARY OF THE INVENTION 

The need iii the art is addressed by the system and method of the present 
invention. The inventive system includes an arrangement for protecting an element 

15 from electro-static discharge and includes a mechanism for sensing a pulse of energy 
associated with an electro-static discharge and providing a control signal in response 
thereto. A switch is provided which inhibits the flow of energy through the element in 
response to the control signal. 

In the illustrative embodiment, the switch is an n-channel field effect (NFET) 

20 ~~ transistor switch. The switch may be dispose<Tbetweeh the element and ground, 
between the element and source of supply current, and in the input line of the element. 
In the first case, a resistor is disposed between the positive supply of the element and an 
input terminal of the transistor to provide a control voltage effective to keep the 
transistor on during normal operation. A capacitor is disposed between the input 

25 terminal of the transistor and ground. The RC time constant is chosen to be much larger 
than the time constant of the ESD pulse. Consequently, input voltage of the transistor 
will remain unchanged and the transistor will remain off preventing the element from 
conducting the pulse discharge current and providing ESD protection. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an arrangement for providing ESD protection 
5 implemented in accordance with conventional teachings. 

Fig. 2(a) is a diagram showing the current flow through the port PI, the first 
diode Dl, the positive supply line Vdd, the clamp device Ml and GND as a function of 
time during an ESD event according to a human body model. 

Fig. 2(b) is a diagram showing the gate voltage of the clamping transistor Ml as 
10 a function of time during the ESD event represented in Fig. 2(a). 

Fig. 2(c) is a diagram showing the input current of the electronic circuit with the 
conventional arrangement and with the arrangement of the present invention. 

Fig. 2(d) is a graph illustrating a desired decay time of a network relative to the 
time constant of the ESD event in accordance with the Human Body Model. 
15 Fig. 3 is a schematic diagram of an illustrative arrangement for providing ESD 

protection in accordance with the teachings of the present invention. 

Fig. 4 is a first alternative embodiment of an illustrative implementation of the 
ESD protection arrangement constructed in accordance with the present teachings. 

Fig. 5 is a second alternative embodiment of an illustrative implementation of 
20 the ESD protection arrangement constructed in accordance with the present teachings. 
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DESCRIPTION OF THE INVENTION 



5 Illustrative embodiments and exemplary applications will now be described with 

reference to the accompanying drawings to disclose the advantageous teachings of the 
present invention. 

While the present invention is described herein with reference to illustrative 
embodiments for particular applications, it should be understood that the invention is 
10 not limited thereto. Those having ordinary skill in the art and access to the teachings 
provided herein will recognize additional modifications, applications, and embodiments 
within the scope thereof and additional fields in which the present invention would be of 
significant utility. 

Fig. 1 is a schematic diagram of an arrangement for providing ESD protection 
15 implemented in accordance with conventional teachings. The arrangement 10 is 
intended to protect an electronic circuit 20 disposed between a source of supply voltage 
V dd and ground (GND). The circuit 20 has an input terminal PI. As shown in Fig. 1, the 
conventional arrangement 10 includes first and second diodes Dl and D2 connected in 
series between the source of supply voltage V dd and ground. The anode of the first 

20 diode Dl is connected to the input temirrial PI of the electrotdc circiiir20. The cathode 
of the second diode D2 is connected to the input terminal PL The anode of the second 
diode D2 is connected to ground at a second terminal P2. The cathode of the first diode 
Dl is connected to the source of supply voltage V dd at a third terminal P3. 

A conventional power clamp 30 is connected between P3 and P2. The clamp 30 

25 includes an n-channel metal-oxide semiconductor transistor Ml biased by an RC 
network including a first capacitor Q connected in series with a first resistor R x between 
V dd and GND. The junction between Ri and d is connected to the gate of Ml through 
a buffer amplifier arrangement including first and second series connected inverters Ii 
and I 2 . The power clamp 30 ensures a low impedance path from the positive supply V dd 

30 to the negative supply (GND) during a positive polarity ESD pulse applied to the input 
pin PI. 



WO 02/29950 



PCT/US01/42574 



When a positive ESD pulse is applied between the signal pin PI and the ground 
pin P2. The first diode Dl turns on forcing the positive supply voltage V dd to rise with 
the ESD pulse. The rising V dd is coupled through C x to the input of the first inverter (10 
forcing its output low. In response, the output of the second inverter (I 2 ) goes high 
5 turning on ML When Ml turns on, the ESD discharge current starts flowing along the 
path: 

PI -> Dl V dd -> M x P2(GND) 

10 Unfortunately, Ml turns on with a delay equal to the sum of the delays through Ii 

and I 2 . This is depicted in Fig. 2. 

Fig. 2(a) is a diagram showing the current flow through PI, the first diode Dl, 
V dd , Ml and GND as a function of time during an ESD event according to a human 
body model. 

15 Fig. 2(b) is a diagram showing the gate voltage of the clamping transistor Ml as 

a function of time during the ESD event represented in Fig. 2(a). 

Fig. 2(c) is a diagram showing the input current of the electronic circuit 20 with 
the conventional arrangement 10 and with the arrangement of the present invention. As 
shown in Figs. 2(a), (b) and particularly (c), during the delay in the activation of Ml, 

20 some ofthe ESD discharge current may flow through the electronic circuit to GND 
potentially damaging the electronic circuit 20. This undesirable current flow through 
the electronic circuit is possible if the latter presents a lower impedance path then that 
provided by the ESD diode Dl and the clamp Ml during the Ml turn-on delay. The 
arrangement of the present invention is designed to prevent the flow of current through 

25 the electronic circuit depicted in Fig. 2(c). 

Fig. 3 is a schematic diagram of an illustrative arrangement for providing ESD 
protection in accordance with the teachings of the present invention. The supply clamp 
arrangement 40 of the present invention is similar to the conventional arrangement 10 
with the exception that a switch M2 is disposed in the ground path of the electronic 

30 circuit 20. In the best mode, the switch is an enhancement mode n-channel metal-oxide 
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semiconductor field-effect transistor (MOSFET). The gate of M2 is coupled to the 
positive supply V dd through a second resistor R 2 . 

During normal operation, M2 is on providing the closed ground path for the 
circuit. The gate of M2 is also coupled to its source through a second capacitor C 2 . The 
ESD event usually occurs when the electronic circuit is unbiased. In this unbiased 
condition, all voltages in the circuit are the same. So, the gate-source voltage of M2 is 
zero volts or close to zero volts and M2 is off. During the ESD event, capacitor d 
starts charging through R 2 . If the time constant x 2 of R 2 C 2 is much (e.g., approximately 
an order of magnitude) larger than the decay time of the ESD pulse, then the gate- 
source voltage of M2 should not shift significantly during the ESD event and M2 will 
stay off. This is illustrated more clearly below with reference to Fig. 2(d). 

Fig. 2(d) is a graph illustrating a desired decay time of the network relative to the 
time constant of the ESD event in accordance with the Human Body Model. As shown 
in Fig. 2(d), the time constant of the R 2 C 2 network, x2, should satisfy the condition: 

T 2 = R 2 C 2 > lOT^ [I] 

For the Human Body Model (HBM), the ESD event is modeled by a lOOpF 
capacitor charged to some high voltage of several kV and commutated to the circuit 
input through 1.5 k£2 resistor modeling the human body resistance. Accordingly, 

Tesd « 1.5 Ml • 100 pF = 0.15 jis [2] 

Since, from equations [1] and [2], x 2 should be greater than or equal to 10Xes d , 
then x 2 should be greater than or equal to 10 • 0.15 [is or 1.5 jus for the case of the 
Human Body Model. 

This will prevent any ESD discharge currents from flowing through the 
electronic circuit. The current flow through the electronic circuit 20 with the ESD 
protective arrangement 40 implemented in accordance with the present teachings is 
depicted in Fig. 3(c). 

Fig. 4 is a first alternative embodiment of an illustrative implementation of the 
ESD protection arrangement constructed in accordance with the present teachings. In 
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Fig. 4, a third transistor M3 is provided in the path between the electronic circuit 20 and 
the source of voltage supply V dd . The transistor M3 may be of similar design and 
construction as M2 but with a P-type channel. The third transistor M3 is biased by a 
third RC network including a third resistor R 3 and a third capacitor C 3 . As the second 
5 transistor M2 is biased to allow current to flow therethrough in a normal (non-ESD) 
mode of operation, the third transistor M3 is biased to allow current to flow in a normal 
mode of operation and to inhibit current flow during an ESD event. 

Those skilled in the art will appreciate that the switch may be located in the 
ground path, the supply path or both (as depicted in Fig. 4) within the scope of the 
10 present teachings. 

Fig. 5 is a second alternative embodiment of an illustrative implementation of 
the ESD protection arrangement constructed in accordance with the present teachings. 
Fig. 5 depicts yet another alternative in which the switch M2 is depicted in line with the 
input terminal to the electronic circuit 20 being protected. The embodiment of Fig. 5 is 
15 similar to that of Fig. 3 with the most notable exception being the connection of the 
switch M2 in the input path of the electronic circuit. 

Thus, the present invention has been described herein with reference to a 
particular embodiment for a particular application. Those having ordinary skill in the art 
and access to the present teachings will recognize additional modifications, applications 
20 and embodiments withhrthe scope thereof. For example; the invention is not limited to 
the location of the switch nor the implementation thereof. 

It is therefore intended by the appended claims to cover any and all such 
applications, modifications and embodiments within the scope of the present invention. 

Accordingly, 

25 

I CLAIM: 
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CLAIMS 



1. An arrangement for protecting an element from electro-static discharge 
2 comprising: 

first means connected to an input terminal of said element for shunting a pulse of 
4 energy associated with an electro-static discharge having a time constant around said 
element and 

6 second means connected to an input terminal of said element for for inhibiting 

the flow of said energy through said element. 

2. The invention of Claim 1 wherein said second means is a switch having first, 
2 second and third terminals, said first terminal being a control terminal. 

3. The invention of Claim 2 wherein the second and third terminals of said 
2 switch are connected to said element and ground respectively. 

4. The invention of Claim 2 wherein the second and third terminals of said 
2 switch are connected to said element and a source of supply voltage respectively. 

5. Tfie invention of Claim 2 wherein the second and third tenninals of said 
2 switch are connected to said element and an input terminal thereto respectively. 

6. The invention of Claim 2 wherein said switch is a transistor switch. 

7. The invention of Claim 6 wherein said transistor switch is an enhancement 
2 mode n-channel metal-oxide semiconductor transistor. 

2 8. The invention of Claim 7 including a resistor connected between an input 

terminal of said transistor and the positive supply. 
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9. The invention of Claim 8 further including a capacitor connected between said 
2 input terminal of said transistor and ground. 

10. The invention of Claim 9 wherein a time constant of said resistor and said 
2 capacitor is larger than the time constant of the electro-static discharge. 

11. The invention of Claim 10 wherein the time constant of said resistor and said 
2 capacitor is larger than the time constant of the electro-static discharge by an order of 

magnitude. 

12. An arrangement for protecting an element from electro-static discharge 
2 comprising: 

a transistor switch responsive to said first means for inhibiting the flow of said 
4 energy through said element; 

a resistor connected between an input terminal of said transistor and the positive 
6 supply; and 

a capacitor connected between said input terminal of said transistor and ground. 

13. The invention of Claim 14 wherein said transistor switch is an enhancement 
2 mode n-channel metal-oxide semiconductor transistor. 

14. An method for protecting an element from electro-static discharge including 
2 the steps of: 

sensing a pulse of energy associated with an electro-static discharge and 
4 providing a control signal in response thereto and 

inhibiting the flow of said energy through said element in response to said 
6 control signal. 
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